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Introduction
Soybean (Glycine max (L.) Merrill) is one of the world's most cultivated species because of its high nutritional and economic value. In Brazil, 52.5% of soybean production is exported as grains (CONAB, 2015) .
Grain quality and protein and oil contents are determinant factors of the soybean commercial value (Moraes et al., 2006; Rodrigues et al., 2010) . However, few studies in Brazil are conducted aiming to increase protein and oil contents of soybean grains. These studies are important because the improvement of these characteristics adds value to the grain, increasing the competitiveness of the Brazilian soybean in the world market (Rodrigues et al., 2010) .
Soybean breeding programs in Brazil have sought to increase grain yield in the last decades; however, protein and oil contents do not always show a positive correlation with increased grain yield (Bonato et al., 2000) . The low protein content of soybean grains makes necessary the use of strategies for processing, such as the removing of the grain tegument for grinding, increasing their protein content and the viability of the feed manufacturing. However, this is an expensive technique, increasing the producing costs of the final product.
Products that improve agronomic performance and chemical characteristics of Plant Production and Crop Protection
Com. Sci., Bom Jesus, v.9, n.2, p.235-241, Apr./Jun. 2018 plants are commonly used in agriculture. For example, the application of pyraclostrobin (strobilurin) on soybean plants increases their photosynthetic rate, activity of the nitrate reductase enzyme, protein contents, carbon assimilation, and decreases their respiration, and ethylene synthesis, resulting in a higher grain yield (Fagan et al., 2010) .
Biostimulants is also a commonly used group of synthetic products that have similar effects to plant hormones (cytokinin, gibberellin, abscisic acid, and ethylene), which usually results in increases in biomass accumulation, changes in chemical composition, and higher grain yields (Klahold et al., 2006; Moterle et al., 2008 , Albrecht et al., 2012 .
In this context, the objective of this work was to evaluate the development of soybean cultivars and the protein and oil contents of soybean grains after treatment with pyraclostrobin and biostimulant.
Material and methods
The experiment was conducted in Rio Verde GO, Brazil (17°47'2.41"S; 51°0'27.28"W; and altitude of 777 m). The climate of this region is Cwa, temperate humid with dry winter and hot summer, according to the classification of Köppen, and presents mean annual precipitation of 1800 mm to 2200 mm (Cardoso et al., 2015) .
Meteorological data of the experiment period were collected with an automatic meteorological station in the experimental area. was evaluated using an electric moisture meter, and the 100-grain weight (g), and grain yield (kg ha -1 ) with 13% moisture content were evaluated.
Oil and protein contents were analyzed according to the recommendation of the Brazilian Compendium of Animal Feed (Brasil, 2013) . Protein contents (percentage of crude protein) were evaluated using the Kjeldahl method. The grain oil was extracted by the continuous extraction method in a Soxhlet-type device using petroleum ether as solvent, and the oil contents were expressed as percentages in relation to the grain weight.
The results were subjected to analysis of variance and the means of the treatments were compared by the Tukey's test at 5% probability.
Results and discussion
The interactions between the factors (cultivars × treatments) presented significant effect for leaf dry weight, pod dry weight, and grain protein content, according to the analysis of variance (Table 3) .
Stem dry weight, and grain yield presented significant differences for the cultivar factor (Table 3) Means followed by the same uppercase letter in the columns, and lowercase letters in the rows do not differ by the Tukey's test at 5% probability.
(27.52 g) ( period of biomass accumulation (Marchiori et al., 1999) .
The interactions between the factors (cultivars × treatments) presented significant effect for leaf dry weight at the R7 phenological stage (Table 4) (Lenz et al., 2011; Takano et al., 2015) . This is due to the physiological effects of pyraclostrobin, which increase net photosynthesis, biomass production, and activity of the nitrate reductase enzyme, and decrease ethylene production (Fagan et al., 2010) .
foliar applications of pyraclostrobin in soybean crops and observed a 10% increase in plant dry weight in relation to the standard treatment.
The effect of the biostimulant Stimulate® was evaluated by Oliveira et al. (2015) on common bean crops, and Rós et al. (2015) on the sweet potato crops, also showing increases in leaf dry weight, and shoot dry weight.
The number of pods per plant, and 100-grain weight presented no significant differences, and no effect by the interaction between the factors. The grain yields found were difference between cultivars (Table 5) . Means followed by the same uppercase letter in the columns, and lowercase letters in the rows do not differ by the Tukey's test at 5% probability.
The cultivar ST797IPRO showed the highest grain yield when compared to the other cultivars evaluated.
The biostimulant had no effect on the number of pods per plant, 100-grain weight, and grain yield under conditions of water stress. Moterle et al. (2008) found different results using the same biostimulant in adverse climatic conditions-the use of the biostimulant increased the grain yield and 1000-grain weight, compared to the control. However, the effectiveness of the biostimulant decreases when climatic conditions are favorable (without water stress), and it may not provide benefits to the crop. Contrastingly, Klahold et al. (2006), and Bertolin et al. (2010) evaluated this biostimulant in soybean crops under favorable climatic conditions and found an increase in grain yield when compared to the control treatment.
The pyraclostrobin application had no effect on the grain yield, and 100-grain weight.
According to Swoboda & Pedersen (2009) The grain protein contents of the soybean cultivars were affected by the interaction between cultivars and treatments. However, the grain oil contents were not affected by this interaction (Table 6 ). (Table 6 ). Means followed by the same uppercase letter in the columns, and lowercase letters in the rows do not differ by the Tukey's test at 5% probability.
The use of biostimulant and pyraclostrobin had no effect on the protein content of the cultivars M6952IPRO and ST797IPRO, these effects were significant only for the medium-maturing show differences between cultivars, with some presenting higher protein contents and others higher oil contents (Rodrigues et al., 2014) .
Conclusions
The use of pyraclostrobin and biostimulant do not affect the pods per plant, 100-grain weight, grain yield, and grain oil content of the M6952IPRO, M7739IPRO, ST797IPRO soybean cultivars.
The effects of the products used (pyraclostrobin and biostimulant) vary according to the cultivar and may increase the soybean leaf and pod dry weights, and grain protein contents.
